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Over the past decades, East Asia and Pacific's productivity has been gradually catching up with the frontier (the United States), with China leading the pack. Productivity growth has been driven by sustained within-sector productivity growth. Reallocation of labor to sectors with higher productivity, such as industry and services, also contributed to productivity improvements. Nevertheless, resource misallocation remains. Firm-level evidence from four East Asia and Pacific countries (Indonesia, Malaysia, the Philippines, and Vietnam) suggests that resource misallocation across firms within a sector is large, albeit declining over time. Private domestic firms and firms with higher productivity face larger distortions. This paper is a product of the Office of the Chief Economist, East Asia and the Pacific Region. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://www.worldbank.org/research. The authors may be contacted at fdenicola@worldbank.org.
Background
Productivity is at the foundation of the development of a country and the well-being of its people. Understanding the sources of growth is crucial to devise policies that efficiently and effectively promote economic development. Hence, for its importance historically, the topic has attracted substantial attention from policy makers and researchers alike. While initially physical and human capital accumulation were identified as main drivers of economic growth, more recent evidence indicates that productivity 2 accounts for most of the cross-country differences in income per capita (Easterly and Levine (2001) ).
Productivity plays an important role towards the achievement of the twin goals of ending extreme poverty and boosting shared prosperity. First, cross-country evidence shows that countries with higher productivity display also lower poverty rates (Figure 1 , Panel A). The negative correlation between labor productivity and poverty can be rationalized as follows. Productivity-enhancing policies encourage a more efficient allocation of factors of production and the adoption of new/better technologies. This in turn contributes to income growth and ultimately reduces poverty. An example is Asia's past experience where structural transformation enhanced growth, as labor moved from low to high productivity activities (McMillan and Rodrik (2011) ). Second, higher productivity appears related to shared prosperity. In Figure 1 (Panel B), higher productivity is associated with a higher share of income held by the bottom 40% of the population, and a lower realization of the Gini index, a common proxy of income inequality. Cross-country evidence suggests that (i) growing differences between firms within sectors can account for most of the increase in individual wage inequality, and (ii) increased productivity dispersion tends to be associated with the heterogeneous diffusion of new technology across firms (Faggio et al. (2010) ). Hence, removing barriers to the adoption of new technologies may narrow the productivity gap and reduce wage inequality. Despite its importance, measuring productivity is challenging. First, multiple definitions of productivity exist. Labor productivity or output per worker is commonly used. The measure does not impose extensive data requirement, and its simplicity allows for easy comparability over time and place (sectors and/or countries). However, it is an incomplete estimate of efficiency. Firms can raise labor productivity by investing in capital and acquiring more efficient machineries. Similarly, improving the business environment by promoting adequate and transparent regulations may free up resources and allows firms to operate more efficiently. Total factor productivity (TFP) is a more comprehensive, but harder to estimate measure. It provides an estimate of economic efficiency, accounting for the contributions from labor and capital. Empirically, labor productivity and TFP tend to be highly correlated. Difficulties arise in the measurement of capital, in the words of Hicks (1981) "the measurement of capital is one of the nastiest jobs that economists have set to statisticians". Challenges are compounded when price 4 data are not available at the firm level. Differences in revenues per unit sold may reflect differences in productivity but also differences in quality. The problem may be more severe for tech companies, where product innovation frequently takes place. With these caveats in mind we set up our analysis.
Abstracting from entry and exit dynamics, there are two main sources of productivity growth. The first source is within-firm productivity growth, i.e., firms become more productive thanks to better technology or management practice. This more conventional understanding has been the subject of a long-standing literature and dominated much of policy discussions. However, recent views focus on the benefits of a second channel involving the reallocation of inputs from less to more productive firms as an important component of aggregate productivity growth. Policies associated with allocative efficiencies emphasize correcting or reducing market distortions. We focus on this source of productivity improvement, examining resource allocation across sectors, and across firms within a narrowly-defined industry.
This paper documents the evolution of productivity in developing EAP in the recent decades and identifies the sources of productivity growth. EAP's productivity has been gradually catching up with the frontier (United States), with China leading the pack. Productivity growth is driven by sustained within-sector productivity growth. Reallocation of labor to sectors with higher productivity, such as industry and services, also contributed to productivity improvements. Nevertheless, resource misallocation remains. Firm-level evidence from four EAP countries (Indonesia, Malaysia, Philippines and Vietnam) suggests that resource misallocation across firms within a sector is large, albeit declining over time. Private domestic firms and firms with higher productivity face larger distortions.
The rest of the paper is organized as follows. Section 2 provides an overview of the aggregate trends for EAP productivity, using country-level data. Focusing on labor, one of the factors of production driving the results in Section 2. Section 3 employs newly available sector-level information and examines how labor movement is linked to labor productivity differential across sectors over the last ten years. This allows us to examine if labor has moved from sectors with low productivity to sectors with high productivity, i.e., better resource allocation across sectors. The allocation of resources within an industry has implications for aggregate productivity; Section 4 digs deeper into this using manufacturing data for four developing EAP countries (Malaysia, Philippines, Indonesia and Vietnam). It first presents evidence on misallocation and its dynamics and then explores possible determinants.
Aggregate trends for EAP's productivity
Notwithstanding significant volatility and heterogeneity, developing EAP total factor productivity (TFP) is gradually catching up to the frontier (the United States) since 2000 ( Figure  2 ). In the aftermath of the 1997-1998 East Asian financial crisis, a sharp drop in aggregate productivity is observed in many EAP countries. Since then, the recovery process has been gradual and slow. Yet, there is heterogeneity in the speed of convergence across countries. On the one hand, China and Malaysia have fully recovered and high catch-up speed has increased since the crisis. On the other hand, relative TFP is below the pre-crisis levels in Indonesia and, to a lower extent, the Philippines and the convergence is only marginally improving since late 1990s. Moreover, since 2010, there is a noticeable slowdown of TFP growth in many countries (e.g. China, Malaysia, Thailand). Conversely, output per worker is converging towards the U.S. level at higher and consistent speed across China and ASEAN-5 (Figure 3Error ! Reference source not found.). Again, labor productivity is expressed relative to the U.S. level. Malaysia shows the highest labor productivity, while China has the highest speed of convergence. A breakdown of contributions by TFP, capital accumulation, growth in labor force and human capital reveals that capital accumulation plays a key role for convergence toward the U.S. level of output per capita (red bars in Figure 6 ). This is true across countries and periods. Source: Penn World Table 9 .0. Human capital in the Penn World Table 9 .0 is assumed to enter production as in the following production function = ( ) 1− . Years of schooling for Indonesia between 2011 and 2014 are extrapolated. Output, capital and TFP are measured at constant national prices.
Labor allocation across sectors
In EAP, labor productivity improvement was driven largely by labor productivity growth within sectors (Figure 7) . 3 The three sectors we consider are agriculture, industry, and services. The reallocation of labor away from less-productive sectors to more productive sectors ("static reallocation") also contributed to improving productivity, especially in Indonesia, Thailand and Vietnam. Limited evidence of faster productivity growth ("dynamic reallocation") is available only for China. Note: Aggregate labor productivity growth is decomposed as follows:
where and , denote, respectively, economy-wide and sectoral labor productivity; , denotes sectoral employment shares; the subscripts i and t refer, respectively, to the sector and year; and the Δ operator denotes changes over time. The first term on the right-hand side captures the impact of withinsector productivity growth; the second and third terms capture the impact of structural reallocation, that is, shifts toward sectors with higher initial productivity ("static reallocation," the second term), or shifts toward sectors with higher productivity growth ("dynamic reallocation," the third term) (de Vries et al. 2015) .
The analysis employs data on value added at U.S. constant prices, and on employment, for the following 3 sectors: agriculture, industry, and service.
Industry and services witness the largest within-sector labor productivity growth (Figure 8 ). Across countries, at least two-thirds of labor productivity growth within sectors is realized in either services or industry. The contribution of agriculture is much more limited. Potentially this is due to narrower margins of improvements that remain in the sector of the selected countries considered, as suggested by the structural transformation results discussed below. Structural transformation contributed to higher productivity: labor moved from the less productive agricultural sector to the more productive industry and service sectors. Theoretically, structural transformation could improve productivity in two ways. First, it could raise total output by shifting resources away from less productive sectors towards more productive ones. Second, it could raise productivity within the relatively less productive sectors. The agricultural sector dynamics may be taken as an example of this second channel. The sector is typically characterized by low productivity and underemployment, so when workers move to other sectors, agriculture's labor marginal productivity increases, given that land, a key sectoral input, is largely fixed.
The intensity of this structural transformation varies across developing EAP countries. China went through more significant structural change than Indonesia or Thailand ( Figure The vertical axis is percentage change in real output per worker over the same period (again, the change is not annualized). In the northeast (southwest) quadrant are country-sector pairs that have observed an increase (decline) in both productivity and employment. In the northwest quadrant are country-sector pairs where productivity has grown but the employment share has fallen. Comparing performances within country and across sectors informs about the structural transformation dynamics. Specifically, we find that across the region workers move out of agriculture towards more productive sectors. The employment shift towards services tends to be more pronounced. It is worth noting that the service sector encompasses activities that typically vary widely in terms of productivity, such as retail and IT. Whether workers move from agriculture towards more or less productive jobs in the service (and industry) sectors has important implications for future growth, as anticipated in the discussion about Figure 7 regarding the labor decomposition based on de Vries et al. (2015) . 
Misallocation across firms within a narrowly-defined industry
Productivity analyses based on resource misallocation provide a new framework for policy makers and researchers. More conventional discussions about productivity center on technology and require a different set of policy prescriptions. For example, policies geared toward increasing technological diffusion and innovation include measures that promote research and development (R&D) and the creation of new ideas. These policies are usually complemented with those that incentivize learning, upgrading of skills, and investment in education. However, a complimentary approach focuses on the benefits of reallocation of inputs from less to more productive firms as an important component of aggregate productivity growth. Policies associated with allocative efficiencies emphasize correcting or reducing market distortions (see Box 1 for an example of power sector reform that disproportionately benefits firms and sectors with heavier electricity use).
What is resource misallocation in a narrowly-defined industry? In an economy with low levels of distortion, productive firms will have access to more resources-namely labor and capitalcompared to less productive ones, leading to an increase in the overall productivity of the sector.
In an economy with high levels of distortion, however, unproductive firms have disproportionately large access to resources, hence dragging down the overall productivity of that sector. The literature proposes two different approaches to detect this resource misallocation.
The direct approach method discussed in the box focuses on specific sources of misallocation and quantifies their impact on productivity, typically through structural models. The indirect approach discussed in the rest of the section provides a comprehensive measure of misallocation, since it captures misallocation from multiple channels not being limited to pre-identified sources of misallocation. This method requires some structure as discussed below, but it does not involve specifying a full-fledged model as the direct method.
Hsieh and Klenow (2009) provide a prominent empirical framework to assess the extent of misallocation under the indirect approach (See Appendix A for detailed setup). Their basic idea is that allocative efficiency is maximized when two firms within a narrowly defined industry can access resources until their marginal revenue products are equalized. Under their framework, large dispersions in marginal revenue products among firms operating within a narrowly defined industry imply misallocation of resources in the industry. Specifically, Hsieh and Klenow (2009) consider an economy where each firm produces according to a standard Cobb Douglas function (with sector specific factor shares) and outputs can be aggregated through a CES function for each narrowly defined sector. The firm-specific output and capital may be subject to distortions (or wedges/taxes in the language of the authors). Bringing their framework to the data allows to compute two measures of aggregate productivity: the "actual" one where distortions are present and the "potential" one where these wedges are assumed away. Comparing these two measures allows to quantify the potential productivity gains from a more efficient allocation of resources. Note that this methodology does not identify the amount of misallocation deriving from specific sources but provides an all-encompassing measure (see the box for a discussion about the sources of misallocation).
Box 1 On the sources of misallocation
The background paper assesses the extent of misallocation based on Hsieh and Klenow (2009) or the indirect approach. This methodology does not identify the amount of misallocation deriving from specific sources but provides an all-encompassing measure. To complement this evidence, we turn to the literature where specific factors directly affecting misallocation are examined. Specific sources of misallocation may be more transparent such as the introduction of subsidies in favor of a given sector. Specific groups of firms may enjoy distortive interventions: state-owned enterprises may access finance at distorted/more favorable rates; large firms with substantial bargaining power may face preferential treatments through specific regulatory treatment and/or lower borrowing costs.
Interestingly, although not surprisingly, none of the individual channels by itself is able to explain the magnitude of misallocation estimated using the indirect approach. A given economy may suffer from multiple sources of misallocation at once. Alternatively, or additionally, the indirect method may overestimate the extent of misallocation, in the presence of measurement error and/or departures from the assumed market structure. This box builds on Hopenhayn (2014) and Restuccia and Rogerson (2017) and reports the evidence emerging from EAP countries regarding specific sources of misallocation.
Regulation. A wide range of policy instruments have been considered in the literature to assess the extent to which regulatory interventions contribute to misallocation and thereby lower aggregate productivity. The focus has moved from adjustment costs, such as firing costs, to the broader category of "size-dependent policies", e.g., higher taxes that become effective beyond a certain employment threshold, yet any of these measures tends to explain only a small fraction of misallocation.
Conversely, regulatory restrictions to movements across space appear to play a more important role. Tombe and Zhu (2015) study the impact of goods-and labor-market frictions using a general equilibrium model calibrated with Chinese data. Overall the reduction in trade and migration frictions explain almost 50% of productivity growth in [2000] [2001] [2002] [2003] [2004] [2005] , and the fall in internal trade and migration costs contributed about 20%.
Other studies of China examine also state-owned enterprises, their preferential access to resources, and the related productivity losses (e.g., Song, Storesletten and Zilibotti (2011) Property rights. Property rights affect resource allocation and therefore productivity, by limiting expropriation and facilitating market transactions (Besley and Ghatak (2010) ). Adamopoulos and Restuccia (2014) assess the impact of the Comprehensive Agrarian Reform Program (CARP) on agricultural productivity by calibrating a model with data from the Philippines. 4 In 1988, the reform introduced ceilings on existing land holdings, promoted transfer of above-ceiling land to landless and smallholders, and restricted the transferability of the redistributed land. Between 1989 and 1993, agricultural productivity fell by more than 10%. According to the model, this decline is the result of distortions in farm size and occupational choices, as land is transferred from more to less productive holders.
Trade and competition.
Trade policy influences the allocation of resources across heterogeneous producers and consequently impacts aggregate productivity. Two approaches are used to quantitatively assess the impact of tariffs and/or other distortionary forms of protection. On the one hand, evidence comes from model-based estimates. For example, building on Arkolakis, Costinot, and Rodríguez-Clare (2012), Edmond, Midrigan, and Xu (2015) study the impact of moving from autarky to free trade by calibrating a model to Taiwanese manufacturing data. Opening to trade leads to greater competitive pressure and substantially reduces markup distortions. Consequently, it reduces misallocation and improves total factor productivity by more than 12%.
On the other hand, specific trade policy changes are examined for causal inference. Khandelwal, Schott, and Wei (2013) study the elimination of externally imposed quotas on Chinese textile and clothing exports. Interestingly, the distortionary effects of the quotas imposed by the United States, Canada and European Union were compounded by the effects of government-imposed quotas allocated in favor of (less productive) state-owned enterprises. The authors find that 71% of the productivity gains derived from the empirical analysis are due to the elimination of misallocated quota licenses; while the remaining 29% is explained by the removal of misallocation due to the quota itself.
Credit constraints and informational frictions.
There is an established literature on the positive correlation between financial market development and growth (See Buera, Kaboski and Shin (2015) for an overview). Credit constraints may lead to misallocation, potentially magnifying the persistency of low productivity, as more productive firms take longer time to overcome financial constraints. This empirical question has been tested in multiple frameworks and the resulting estimates tend to vary substantially across studies. On the conservative side are the results by Midrigan and Xu (2014) . They calibrate a model with Korean plant-level data and find that losses from misallocation in an environment with borrowing constraints amount to 4.7% of the TFP decline (accounting for over 27% of the change). Borrowing constraints harm growth more through the selection (into a sector) channel rather than through the misallocation (within the sector) channel.
A complimentary analysis is proposed by David, Hopenhayn, and Venkateswaran (2016) who focus on informational frictions. Under their framework, firms have limited knowledge about the demand conditions in their own markets when choosing inputs. The authors estimate a structural model with 2012 data on firm-level production variables and stock returns for three countries: China, India, and the United States. Informational frictions for investment but not labor decisions lead to losses in productivity (of 4, 7, and 10%) and output (5, 10, 14%) (for the United States, China and India, respectively). The authors show that financial markets have limited ability to overcome these frictions given the high level of noise in market prices. Conversely, valuable information can be inferred from private (internal to the firm) sources.
As acknowledged by Hsieh and Klenow (2009) , their approach relies on restrictive assumptions such as (i) CES aggregation of differentiated products within a narrowly defined sector (allowing to derive TFPQ in the absence of information on input and output quantities), and (ii) constant mark-ups within the same sectors. Under these conditions, any variation in TFPR is attributable to resource misallocation. However, heterogeneous mark-ups reflecting differences in demand and/or quality within the sector or measurement errors could also explain variations in TFPR. Bils et al. (2017) propose a methodology that exploits the panel structure of the data to correct for potential measurement errors (see Appendix B). The authors build on the Hsieh and Klenow (2009) approach and allow for additive 5 measurement error in revenues and intermediate inputs. We apply Bils et al.'s (2017) framework to firm-level data available from four ASEAN countries: Indonesia, Malaysia, the Philippines and Vietnam. Table 1 provides an overview of the data sources used. For robustness, we exclude from the sample 4-digit sectors with fewer than 5 firms. The potential gains from reallocation are large, even after accounting for measurement error (Table 2) . We present three different measures of the potential productivity gains that can be achieved from reallocation. First, consistently with Hsieh and Klenow (2009) , Panel A provides the estimates of potential gains if distortions (taxes) to revenue and labor are removed and factors of production (labor, capital and intermediate inputs) are reallocated towards their most productive uses. Panel B accounts for the presence of measurement error. Accounting for measurement error significantly reduces the magnitude of the potential gains from reallocation, these changes are as low as 6 percentage points in the Philippines and up to as high as 72 percentage points in Indonesia. Yet, even after accounting for measurement error, the estimates indicate that productivity can substantially increase where distortions are removed. The potential productivity gains appear to decline over time. The result is encouraging as it suggests that economies have undertaken steps to reduce misallocation. This is consistent with the evidence from the Global Competitiveness Index (GCI) (Error! Reference source not found.). The GCI provides a summary measure of competitiveness based on three dimensions: basic requirements (i.e., institutions, infrastructure, macroeconomic environment, health and primary education), efficiency enhancers (i.e., higher education and training, goods market efficiency, labor market efficiency, financial market development, technological readiness, market size), and innovation and sophistication factors (i.e., business sophistication and innovation). Higher values are associated with more competitive economies. Within a narrow industry, highly productive firms are facing higher distortions (or "taxes"). In this framework, distortions are measured by TFPR (revenue TFP), while productivity is measured by TFPQ (quantity TFP). Figure 12 plots log ̅̅̅̅̅̅̅̅ against log ̅̅̅̅̅̅̅̅ , where ̅̅̅̅̅̅̅̅ and ̅̅̅̅̅̅̅̅ are the sector averages. In a frictionless world, firms with higher (lower) TFPR would grow (shrink) up to the point where TFPR are equalized ( = ̅̅̅̅̅̅̅̅ ). For all ASEAN countries studied, we observe a positive relationship between revenue and physical productivity. The result is consistent with the evidence emerging from other developed and developing countries. It suggests that more productive firms (i.e. those that have larger TFPQ) face larger idiosyncratic distortions (i.e. larger TFPR). In other words, more productive firms are "taxed" at a higher rate (either explicitly or implicitly), hence capital and output wedges or taxes absorb 6 In 2018, the GCI ranged from 5.7 for the U.S. to 2.8 for Chad. The average for the 17 East Asia and Pacific economies considered by the GCI was 4.8, with Singapore and Mongolia on opposite sides of the spectrum. In addition, foreign firms (in Indonesia, Vietnam, and the Philippines) and SOEs (in Vietnam and the Philippines) have lower distortions (or "taxes"), which reflects their relative privileges in the economies. Figure 13 plots the coefficients (scatter dots) and the related 90% confidence interval (horizontal line) when regressing log of TFPR on firms' characteristics selected based on data availability. Controlling for sector-year fixed effects and firms' characteristics, revenue (TFPR) and physical (TFPQ) productivity are positively correlated. Like the evidence from Error! Reference source not found. Figure 13 , this suggests that more productive firms face larger distortions. We find some evidence that firm size (small or medium firms) and firm ownership (foreign or state-owned) significantly correlate with distortions (TFPR), indicating that regulatory restrictions that affect these dimensions hamper achieving an efficient allocation of capital and labor.
21 Table 1 and authors' calculation. Note: For firm size, the base category is having at least 100 employees. Sector-year fixed effects included in all regressions.
While Bils et al.'s (2017) framework offers interesting insights on the dynamics of misallocation, it remains mute on the forces behind these changes. To address this, we combine it with the insights from standard TFP decomposition. Specifically, we compute the changes in the median and dispersion of productivity at the country-and sector-level (see Appendix C for details). Under this approach, an increase in median TFP may be interpreted as a sign that incumbent firms have become more productive by: (i) innovating, (ii) adopting new technologies, and (iii) applying best managerial practices ("within" component) . A decline in TFP dispersion 7 may indicate reallocation of factors of production, economic activity, and market shares towards more efficient firms ("between" component).
The positive increase in aggregate productivity tends to be accompanied by higher TFP dispersion (Figure 14) . 8 This points to an improvement of the "within component" accompanied by a worsening of the "between component". Put differently, the analysis suggests that productivity has risen within firms because of improved capabilities ("within component"), but capital adjustment costs or other allocative distortions prevented productivity improvements across sectors ("between component"). Yet, there is heterogeneity within countries at the sector level. For example, the food, beverage and tobacco industry in the Philippines has witnessed a decline in median productivity in parallel with an increase in dispersion. This suggests a worsening of both the within and the between components. Distortions in the factor allocation within the firm and across sectors have prevented the materializing of productivity improvements. Over time, the economy has become less efficient, and the market share of less productive firms seems to have increased. ) which focuses on half of the distribution and is less sensitive to extreme values. The results tend to be qualitatively similar. 8 We present the aggregate and sectoral breakdown of productivity evolution. TFP, 2000 TFP, -07, 2008 ∆ (TFP Dispersion, 2000 -07, 2008 24
Panel C: Philippines
Source: Country data as detailed in Table 1 and authors' calculation
Conclusion
This paper documents the evolution of productivity in developing EAP since 1990. It examines labor productivity and total factor productivity. EAP's productivity has been gradually catching up with the frontier (the United States), with China having the fastest growth. The paper identifies and discusses the sources of the countries' productivity growth. Productivity growth is driven by sustained within-sector productivity growth. Reallocation of labor to sectors with higher productivity, such as industry and services, also contributed to productivity improvements. Nevertheless, resource misallocation remains. Firm-level evidence from four EAP countries (Indonesia, Malaysia, the Philippines and Vietnam) suggests that resource This section provides a simplified discussion of Hsieh and Klenow's (2009) framework. Consider an economy with many sectors, denoted s. Final output Y is produced in each country using a Cobb-Douglas production technology:
where is the value added share of sector s and Σ =1 =1.
Each sector's output is the aggregate of the individual firms' output , using the CES technology:
where is the differentiated product by firm i in sector s and is the elasticity of substitution across firms within the sectors.
Each firm produces a differentiated product with the standard Cobb-Douglas production function: = 1− where stands for firm-specific productivity; is the firm's labor; is the firm's capital, and is the industry-specific capital share. Note that the assumption in this framework is that firms in the same narrowly defined sector have the same production function.
Each establishment maximizes current profits:
where is the firm's value added (which is the firm's revenue minus the cost of intermediate inputs), and and R are the cost of one unit of labor and capital, respectively. The term denotes firm-specific output distortions that reduce firms' revenues. Many factors could contribute to output distortions, ranging from transportation costs to discriminatory tax regimes to subsidies. These factors could reduce output for a given set of inputs. The firm-specific "capital" distortions, which raise the cost of capital (relative to labor), are denoted as . Credit market imperfections such as preferential access to finance and labor market frictions could contribute to different "capital" distortions across firms. Therefore, an increase usage of capital is indicative of relative distortions in the labor markets. Hsieh and Klenow (2009) differentiate two productivity measures: TFPQ, which captures "physical productivity"; and TFPR, which captures "revenue productivity":
In the absence of distortions, TFPR should not vary across firms within each sector. In other words, in a frictionless environment, more capital and labor should be allocated to firms with higher physical productivity (TFPQ) up to the point where their higher output results in a lower price, , which translates in the equalizing across firms i. As such, any dispersions of TFPR across firms within a sector imply distortions. A firm with TFPR higher than the sector average suffers disproportionately more from the effects of distortions. On the contrary, it is common for TFPQ to vary across firms because different firms may have different productivity levels.
From the revenue data, we can also derive as:
This shows that TFPQ is calculated from , which contains elements of distortions, and is normalized to 1.
Hsieh and Klenow (2009) choose the elasticity of substitution, =3, 10 and R=10, assuming a real interest rate of 5% and a depreciation rate of 5%. Capital share, , and labor share, (1 − ), are taken from the United States manufacturing sectors, where firms are assumed to operate in an environment of minimal distortions. Therefore, the shares of capital and labor of firms in the United States represent an efficient utilization of resources. Any deviation from the US capitallabor shares suggests distortions.
Distortions represented by the output and capital wedges can be measured by:
where firm i's wage bill is represented by , and represents the firm's value added. Both values are taken from the data. Rewriting this equation shows that the relative utilization of factors will be affected by distortions in the capital market and 1− , the labor-capital ratio in the less distorted (United States) environment.
If firm i's actual labor-capital ratio is higher than the less distorted labor-capital ratio, this implies that firm may be facing difficulties in accessing capital (relative to hiring labor), and thus 9 See Hsieh and Klenow (2009) for a detailed explanation. 10 Elasticity of substitution between products is related to the markups −1 = 1 + , where is the markup. An elasticity substitution of 3 corresponds to a markup of 50%.
29 that firm uses less than the optimal level of capital. In other words, firm has a positive capital wedge . Hsieh and Klenow (2009) show that without distortions, is proportional to the product of marginal revenue product of labor and capital:
where is the marginal revenue product of capital for firm in sector and is the marginal revenue product of labor for firm in sector .
Rewriting equation (B12) This implies that in the absence of distortions (that is, = 0 and =0), will be the same for all firms "i" within a sector " ." Using this equation, we can deduce that a firm with higher and/or higher also has a higher .
The industry average level ̅̅̅̅̅̅̅̅̅ corresponds to: , where is the firm-level distortion. If the elasticity of measured revenue with respect to inputs varies with the level of TFPR, then is different from one and measurement error is implied. Indeed, the presence of additive measurement error in either or both revenue and inputs can explain observing a marginal change in inputs but not a corresponding change in revenue.
We can then build a measure of revenue productivity that explicitly accounts for measurement error, ̂= exp (̂ln ( ) + ) where ~(0, (̂− 2 ) ln ( ) .
The authors then resume Hsieh and Klenow's (2009) ; and the elasticity of substitution, , is assumed to be 4. and are the revenue-weighted harmonic mean values of the marginal products of labor, capital and intermediates.
Aggregating across sectors we obtain inferred aggregate allocative efficiency, which is equal to true allocative efficiency when there is no measurement error ̂= ∏̂∑ =1 =1 where 11 The subscript t for time is omitted, to simplify the notation.
31
is the output elasticity and is the sectoral share of manufacturing output. The gains from reallocation are then simply ( 1⁄ − 1) 100.
